The importance of diabetes mellitus (DM) as an independent risk factor for perioperative cardiac morbidity after vascular surgery is controversial. This study examined the impact of DM on perioperative outcomes and length of stay in patients who underwent major vascular surgery. Methods: Patients who underwent elective aortic reconstruction (n ‫؍‬ 2792), lower extremity bypass (n ‫؍‬ 3838), carotid endarterectomy (n ‫؍‬ 5522), and major amputation (n ‫؍‬ 3883) from 1997 to 1999 were identified in the National Surgical Quality Improvement Program database of the Department of Veterans Affairs. Outcomes assessed were death, cardiovascular complications (myocardial infarction, stroke, need for cardiopulmonary resuscitation), and length of stay. Multivariable logistic and linear regression models were used to control for patient demographics, procedure type, comorbidities, and diabetic complications. Results: Before adjustment for potential confounders, patients with diabetes had a higher incidence rate of perioperative death (3.9% versus 2.6%; P ‫؍‬ .001) and cardiovascular complications (3.3% versus 2.6%; P ‫؍‬ .01) when compared with patients without diabetes. After controlling for comorbid conditions, procedure type, and diabetic complications, only patients with DM who underwent treatment with insulin were at statistically increased risk for cardiovascular complications (odds ratio [OR], 1.48; 95% CI, 1.15 to 1.91). Neither DM treated with insulin (OR, 1.10; 95% CI, 0.85 to 1.41) nor DM treated with oral medications (OR, 0.96; 95% CI, 0.73-1.28) was an independent risk factor for death. Important independent risk factors for death included several conditions that are commonly associated with diabetes, including proteinuria, elevated creatinine level, history of congestive heart failure, and history of cerebrovascular accident. DM was also found to increase length of stay by as much as 38% even after adjustment for comorbidities. Conclusion: Patients with diabetes have a higher incidence rate of death and cardiovascular complications. However, after controlling for specific comorbid conditions, the only independent association was between patients with insulin treatment and the risk of cardiovascular complications. DM does not appear to be an independent risk factor for postoperative mortality. All patients with diabetes, regardless of insulin use, have a prolonged length of stay after major vascular surgery. ( J Vasc Surg 2002;35:894-901.) From the Robert Wood Johnson Clinical Scholars Program,
Perioperative cardiovascular morbidity and mortality continue to be the leading cause of death and complications after major vascular surgery. Consequently, considerable attention has been paid to the identification of risk factors associated with increased cardiac complications. Patients with diabetes mellitus (DM) have frequently been considered to have an elevated risk of cardiac complications compared with patients without diabetes, which justifies a lower threshold for cardiac stress testing. 1 Diabetes has been classified by the American College of Cardiology/ American Heart Association guidelines as an intermediate risk factor that mandates further evaluation in patients who have decreased functional status or are scheduled for high risk surgery, including aortic and peripheral vascular procedures. 2 Previous evaluations of the risk of patients with diabetes who undergo specific vascular surgery have not always supported the finding that patients with diabetes are at increased perioperative risk. After controlling for other identified comorbidities with multivariate analysis, some studies have suggested that patients with diabetes do not appear to be at increased risk of death after carotid endarterectomy 3, 4 or aortic surgery. [5] [6] [7] However, other studies have suggested that an increased risk of perioperative complications exists among patients with diabetes who undergo aortic surgery. 6 Most evaluations of this issue have suffered from a small number of adverse outcomes (thus limiting statistical power) and incomplete documentation of important comorbidities. Furthermore, despite evidence that the risk of death after coronary artery bypass grafting may vary among patients with diabetes depending on severity of disease, 8 the impact of risk stratification by degree of dia-betic complications (eg, the need for insulin or presence of nephropathy) has not been investigated in patients who undergo noncardiac vascular surgery.
This investigation examined the independent risk of DM on mortality, cardiovascular morbidity, and length of stay (LOS) in patients who underwent vascular surgery. Analyses controlled for comorbid disease, the severity of DM as determined by the need for oral medications or insulin, and the incidence rate of renal complications of DM. The goal of the investigation was to evaluate the hypothesis that the risk of poor outcome is not uniformly high across all patients with DM, and, in the absence of other identifiable risk factors, invasive testing could be limited to patients with diabetes who are identified before surgery as high risk. Patient records then were linked to the National Surgical Quality Improvement Program (NSQIP) database of surgical procedures performed at VA hospitals. The NSQIP is a prospective, multicenter observational evaluation project to assess risk-adjusted surgical outcomes within the VA as described in detail elsewhere. 9, 10 This clinical database includes patient demographic information, preoperative comorbidities, intraoperative care, and postoperative outcomes collected by trained surgical clinical nurse reviewers at each of 123 surgical centers. All operations performed with general, spinal, and epidural anesthesia are included in the database unless the patient has been entered into the database for another index procedure within the previous 30 days.
MATERIALS AND METHODS

Data
Patients also were matched to a diabetes registry collected as part of the national VA Quality Enhancement Research Initiative (QUERI) in diabetes care. 11 The QUERI database includes information on hospitalizations, outpatient visits, selected pharmaceuticals, and all laboratory data for selected tests completed on inpatients and outpatients in the VA system. Where available, these data were used to determine patient diabetic medication, preoperative serum creatinine level, hemoglobin A1c, and degree of proteinuria.
Data linkage was accomplished with scrambled patient identifiers, date of admission, and procedure type. Patient confidentiality was ensured with removal of all patient identifiable information, including scrambled identifiers, after linkage. All patient identifiable data were maintained in secured systems within the VA and were not provided to the study investigators. This project was approved by the Institutional Review Committee of the VA Ann Arbor Health Care System.
Definition of surgical procedures. Patients were classified into one of four mutually exclusive classifications on the basis of procedure type with the following hierarchy: aortic reconstruction, carotid endarterectomy, lower extremity bypass, and amputation. Therefore, if a patient underwent both an aortic repair and a lower extremity bypass, the patient was considered in the aortic repair category. Importantly, patients whose primary procedure was classified as emergent within the NSQIP database were excluded.
Definition of independent variables. Demographic information collected from the PTF file included patient age, race, and sex. Subjects were considered to have DM if they had any of the following conditions: receipt of insulin or oral hypoglycemic medications before admission; outpatient visits, including a diagnosis of DM on two occasions; or a previous inpatient stay with a discharge diagnosis of DM. The DM classification was divided into three categories: insulin-treated DM, oral-treated or diet-treated DM, and no DM. Because the vast majority of patients within the VA have type 2 DM, it should be noted that most of the patients treated with insulin in this study have type 2 diabetes. The databases are unable to identify which patients with insulin treatment have type 1 diabetes, but unpublished audits of the QUERI diabetes registry suggest that less than 3% of VA patients with DM have type 1 DM.
Additional independent variables were defined with NSQIP definitions: history of congestive heart failure within 1 month of surgery; history of chronic obstructive pulmonary disease resulting in 1 or more of conditions of functional disability, chronic bronchodilator therapy, or forced expiratory volume in 1 second of less than 75% of predicted; history of a transient ischemic attack; history of a cerebrovascular accident (embolic, thrombotic, hemorrhage) with residual motor, sensory, or cognitive deficit; ethanol abuse of greater than two drinks per day in the 2 weeks before admission; current smoker; ventilator use before surgery; steroid therapy before surgery; and dialysis before surgery. Further details can be found in previous published reports from the NSQIP project. 12 In addition, because the NSQIP data did not contain a field for hypertension, patients were classified as hypertensive on the basis of identification of a diagnostic code for hypertension in prior inpatient or outpatient evaluations (PTF database).
Preoperative laboratory data were examined for evidence of chronic renal insufficiency, proteinuria, and poorly controlled DM. An elevated creatinine level, identified with the NSQIP set, was considered to be greater than or equal to 2.0. Proteinuria was defined as a value of 2ϩ or greater on dipstick, greater than 30 mg/24 hours on urine collection, or greater than 100 g/mL. Patients without preoperative laboratory values were assigned normal values in multivariate analysis. This was on the basis of the finding that most patients have normal values and the assumption that routine laboratory tests were not obtained in healthier patients, who would be more likely to have normal values. Preoperative urine protein values were available for 47% of patients with diabetes (42% of all patients), and preoperative creatinine values were recorded for 94% of patients with diabetes (94% of patients overall).
Because this investigation was designed to improve preoperative risk stratification on the basis of the severity of diabetes, only variables that would be available to the clinician before surgery were included in the model. Therefore, we did not include intraoperative and postoperative data that had been collected in the NSQIP or diabetes registry in our model. Besides proteinuria and hemoglobin A1c data, no data element was missing for more than 3.6% of the population.
Definition of surgical outcomes. The three primary outcomes assessed in this analysis were defined with NSQIP data. Death was defined with the condition of patient at discharge. Cardiovascular complications were defined as acute myocardial infarction that occurred during surgery or within 30 days of surgery, cardiac arrest necessitating cardiopulmonary resuscitation in the operating room, intensive care unit (ICU), ward, or out-of-hospital within 30 days, or an embolic, thrombotic, or hemorrhagic cardiovascular accident with motor, sensory, or cognitive dysfunction within 30 days. 12 The combined outcome was defined as death or cardiovascular complication or both.
Statistical analysis. Differences in baseline characteristics and clinical outcomes among patients with and without diabetes were evaluated with 2 testing for categoric variables and two-tailed Student t tests for continuous variables. Subsequently, multivariable logistic regression models were developed for each of the three primary outcomes. The model was developed with sequentially adding progressively more detailed clinical variables. The independent association of insulin-treated or orally treated diabetes with surgical outcomes was determined after sequentially adjusting for (1) procedure type, (2) patient demographics, and (3) general comorbidities. A subsequent model was developed for the subset of patients with diabetes that examined proteinuria and elevated glycosylated hemoglobin to determine their prognostic significance. Finally, the impact of DM on hospital LOS and ICU LOS was determined with linear regression. To account for the significant right skew in LOS and ICU LOS data, the data were transformed with logarithm as the dependant variable.
Model performance was assessed with formal goodness-of-fit (Hosmer-Lemonshow) tests. 13 The Hosmer-Lemeshow test compares the expected and observed events in 10 equal subgroups defined by the deciles of predicted risk. A statistically nonsignificant goodness of fit statistic is evidence of model discriminant capacity. All models showed evidence of excellent model calibration with both visual and statistical inspection. Appropriate first-degree interaction terms were examined and did not improve model fit as assessed with receiver operating curve values, including interaction terms between procedure type and diabetes. Data were analyzed with Stata v. 6.0 (Stata Corporation, College Station, Tex).
RESULTS
Records for 17,290 major vascular surgical procedures in the nation's VA hospitals were available for review. After exclusion of patients who underwent emergency operations (n ϭ 1250), a total was left of 14,525 unique patients who underwent 16,035 procedures. Patients with DM constituted 49% of these patients, of whom 42% were undergoing treatment with insulin before operation and 35% were undergoing treatment with oral hypoglycemic agents alone.
Patient characteristics differed significantly among patients with and without diabetes (Table I ). In particular, patients with diabetes were older, were less likely to be white, and had a significantly higher incidence rate of important comorbid conditions. In addition, patients with diabetes were less likely to smoke, use alcohol, have chronic obstructive pulmonary disease, or have had a stroke.
Before adjustment for patient factors, patients with diabetes who underwent vascular procedures were found to have a higher incidence rate of the combined outcome of death or cardiovascular complications (5.8% versus 4.3%; P ϭ .001), death alone (3.9% versus 2.6%; P ϭ .001), and cardiovascular complications (3.3% versus 2.6%; P ϭ .011; Table II ). A higher rate of the combined outcome (death or cardiovascular complications) also was found with individ- ual vascular operations for patients with DM who underwent both carotid endarterectomy (3.5% versus 2.5%; P ϭ .027) and lower extremity bypass (4.4% versus 2.7%; P ϭ .007). However, analysis of the combined outcome (death or cardiovascular complications) revealed that only patients with diabetes who needed insulin treatment were at higher risk of death or cardiovascular complications when compared with patients without diabetes (odds ratio [OR], 1.37; P ϭ .001) after adjustment for patient demographics (age, sex, and race) and procedure type (Table III) . After adjustment for confounding comorbidities, patients with oral hypoglycemic treatment alone did not have a significantly greater risk of death or complications (OR, 1.15; P ϭ .18), and patients with diabetes who needed insulin treatment appeared to be at a mildly increased risk of the combined outcome (death or nonfatal cardiovascular complication; OR, 1.22; P Ͻ .06). Comorbid conditions that predicted a higher odds of postoperative death or cardiovascular complication included increased age, history of stroke with neurologic deficit, chronic obstructive pulmonary disease, steroid use, preoperative ventilation, congestive heart failure, and elevated creatinine level. In this data set, those patients with a clinical diagnosis of hypertension had a lower risk of an adverse outcome (OR, 0.75; P ϭ .005).
Similar findings were evident when the association between diabetes and the risk of death was examined separately from nonfatal complications (Table IV) . Patients with insulin-treated DM were at increased risk of death after adjustment for demographic factors and procedure type (OR, 1.25; P ϭ .046), but no residual effect was seen after accounting for other comorbidities and renal insufficiency (OR, 1.10; P ϭ .45).
Patients with diabetes with insulin treatment also had a significant increase in the odds of development of postoperative nonfatal cardiovascular complications (Table V) . After adjustment for demographic factors and procedure type, diabetes treated with insulin had an OR of 1.71 (P Ͻ .001). Inclusion of other known comorbidities, including renal insufficiency, into the model reduced, but did not eliminate, the independent association between diabetes needing insulin and a greater risk of cardiovascular complications (OR, 1.48; P ϭ .002). However, patients with oral hypoglycemic agent treatment alone were not at significantly increased risk (OR, 1.22; P ϭ .14) for cardiovascular complications. Comorbid conditions that did predict higher odds of postoperative cardiovascular complications included a history of stroke with neurologic deficit, congestive heart failure, and elevated creatinine level.
In a subset analysis including only patients with diabetes, patients who underwent treatment with insulin had a trend toward higher rates of cardiovascular complications (OR, 1.28; P ϭ .10) but not death or the combined outcome (Table VI) . This analysis is consistent with the findings of the overall analysis, in that it suggests that insulin-treated diabetes is a minor risk factor for cardiovascular complications but not death and that non-insulin treated DM is not an independent risk factor at all. Also consistent with the overall analysis, other clinical risk factors are more predictive of perioperative morbidity and mortality, including stroke with neurologic deficit, preoperative ventilation, steroid use, and chronic renal failure. Significant proteinuria is a marker of an increased risk of death had significantly longer LOS. By procedure, patients with diabetes who underwent abdominal aortic aneurysm repair, carotid endarterectomy, and lower extremity bypass all had significantly longer LOS when compared with patients without diabetes (Table VII) . In multivariate analysis controlling for demographic factors, comorbidities, and procedure type, diabetes needing insulin treatment increased LOS by 25% (P Ͻ .001) and diabetes controlled with oral agents increased LOS by 18% (P Ͻ .001), compared with patients without DM. In addition, longer ICU stays also were with associated with diabetes needing insulin (9% increase; P Ͻ .001) and diabetes controlled with oral hypoglycemic agents (10% increase; P ϭ .01; data not shown).
DISCUSSION
Examination of crude mortality rates, even after adjustment for basic demographic factors and procedure specific risks, suggests that patients with diabetes have a significantly higher rate of complication and death after certain vascular surgery procedures. However, most of this incremental risk reflects the higher levels of specific comorbidities commonly found in patients with diabetes that can be easily identified before surgery. Patients with diabetes were significantly more likely to have congestive heart failure, renal insufficiency, renal failure needing dialysis, and proteinuria, and each of these were found to be a risk factor for poor surgical outcome. After controlling for these comorbidities, neither insulin-treated nor oral medicationtreated DM appeared to increase the risk of postoperative death. Complications of DM, including renal insufficiency and proteinuria, were strong predictors of perioperative death. In contrast, DM did appear to be a moderate independent risk factor for nonfatal cardiovascular complications, but this increased risk was confined to patients with diabetes with insulin treatment. Among patients with diabetes with insulin treatment, the odds of development of a nonfatal cardiovascular complication were almost 50% higher than that of patients without diabetes independent of other risk factors. Of note, both patients with insulintreated and oral agent-treated diabetes had prolonged LOS when compared with patients without diabetes independent of other risk factors.
The finding that DM is not a significant independent risk factor for perioperative death but is an independent predictor of postoperative complications may, in part, explain previous conflicting reports. Although some investigations of carotid endarterectomy 3, 4 lower extremity bypass, 14 and aortic aneurysm surgery 7 suggest that diabetes does not convey an increased risk of death, other analyses do show higher levels of postoperative complications. 1, 6 To date, no previous investigation has considered the impact of diabetes severity, and analysis of comorbidities and complications has been limited. The need for insulin in type 2 DM, renal insufficiency, or proteinuria (even in the absence of an elevated creatinine level) conveys significantly elevated risks and could be used to identify patients with diabetes at high risk. Other markers of diabetes severity, including glycosylated hemoglobin level, do not convey increased postoperative risk, even at the highest levels.
Although DM does not appear to independently impact postoperative mortality rates, the significant risk of long-term cardiac morbidity caused by DM could poten-tially be used to justify a more aggressive preoperative evaluation in this setting. In a previous study, DM was found to significantly increase the odds of death at 4 years (OR, 1.8; P ϭ .03). 14 DM also has been found to be one of two preoperative risk factors that strongly correlated with late postoperative cardiac events among patients for vascular surgery followed for 2 years (P Ͻ .001). 15 Although this analysis suggests the diagnosis of diabetes does not a priori raise the risk of vascular surgery, this finding should not decrease physician vigilance in the medical or surgical management of coronary artery disease and hypertension in these patients. 16 Even with controlling for other cardiovascular risk factors, patients with diabetes appear to have longer LOS for each of the surgical procedures examined. In previous investigations, diabetes increased the LOS among patients who underwent carotid endarterectomy (6.1 versus 4.8 days; P ϭ .01). 4 The increased LOS reported in this study may reflect the increased complexity of caring for patients with diabetes (eg, the higher risk of wound complications, metabolic derangements, and the complexity of medication management). Given that increased LOS is a marker for higher resource use, reimbursement for care of patients with diabetes who undergo vascular procedures should probably reflect the increased costs associated with their care, even in the absence of greater risk of postoperative death.
This investigation is limited by several factors. First, because this analysis used cohort data, it is possible that mainly patients with diabetes at lower risk underwent operations. However, given the high incidence rate of other comorbid diseases found in this population, including end stage renal disease needing dialysis and congestive heart failure, it appears unlikely that surgeons were routinely selecting only healthy patients with diabetes. Second, no electrocardiographic data were available; therefore, it was not possible to adjust the analyses for other recognized risk factors, including symptomatic ventricular arrhythmias, rapid supraventricular arrhythmias, high-grade atrial ventricular venous block, preexisting q waves, or evidence of left ventricular hypertrophy. 2 However, these factors would most likely bias the results toward the null hypothesis and are unlikely to increase the independent impact of All procedures 21 (11) 13 (7) .001 25% (P Ͻ .001) 18% (P Ͻ .001) Carotid endarterectomy 7 (3) 5 (2) .001 17% (P ϭ .01) 14% (P ϭ .03) AAA repair 16 (10) 14 (9) .031 26% (P ϭ .01) 10% (P ϭ .03) Lower extremity bypass 22 (13) 16 (8) .001 38% (P Ͻ .001) 32% (P Ͻ .001) Amputation 33 (20) 34 (16) .82 18% (P Ͻ .001) 6% (P ϭ .22) Data shown are mean (median) expressed as days. *Controlling for demographic characteristics, cardiovascular comorbidities, and chronic renal insufficiency. AAA, Abdominal aortic aneurysm.
diabetes on cardiac death. The potential exists that this information could diminish the odds of perioperative cardiovascular complications among patients with DM who undergo insulin treatment. Third, the patients considered in this VA investigation were primarily male, thus limiting the generalization of these findings to female and nonveteran patients.
In summary, although patients with DM do appear to be at increased risk after vascular surgery, this risk is principally a reflection of the higher incidence rate of comorbid disease in patients with diabetes, particularly congestive heart failure and chronic renal insufficiency. Cardiovascular complications are higher in the subgroup of patients with diabetes who are undergoing insulin treatment, have significant proteinuria, or have renal insufficiency. Consideration of special testing to assess perioperative risk should be targeted to these patients with diabetes at high risk, who comprised about 40% of patients with diabetes in this study, rather than applied generally to all patients with DM.
